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IN THE UNITED STATES PATENT & TRADEMARK OFFICE 
IN RE APPLICATION OF: : 
MINEYUKI KUBOTA ET AL. : 

SERIAL NO: NEW U.S. PCT APPLN. : ATTN: APPLICATION BRANCH 
(Based on PCT/JPOO/06153) 

FILED: HEREWITH 

FOR: PROCESS FOR PRODUCING A 
HIGH PURITY COMPOUND 
HAVING OXYGEN AND 
LUBRICATING OIL 

PRELIMINARY AMENDMENT 

ASSISTANT COMMISSIONER FOR PATENTS 
WASHINGTON, D.C. 20231 

SIR: 

Prior to examination on the merits, please amend the above-identified application as 
follows. 

IN THE CLAIMS 

Please amend the claims as shown in the marked-up copy following this amendment 
to read as follows. 

3. (Amended) The process according to Claim 1, wherein the adsorbent is an oxide 
of at least one metal selected from a group consisting of aluminum, iron, titanium, silicon and 
tin, a clay mineral, activated carbon or an ion exchange resin. 

4. (Amended) The process according to Claim 1, wherein the adsorbent is activated 
carbon, silica-alumina, activated clay, bentonite, zeolite or activated alumina. 



5. (Amended) A lubricating oil which comprises a high purity polyvinyl ether 
compound obtained in accordance with the process described in Claim 1. 

6. (Amended) A lubricating oil which comprises at least one high purity compound 
having oxygen selected from a group consisting of high purity polyalkylene glycol 
compounds, high purity polyol ester compounds, high purity cyclic polyether compounds and 
high purity carbonate compounds which are obtained in accordance with the process 
described in Claim 1. 

7. (Amended) A lubricating oil which comprises a high purity polyvinyl ether 
compound which is obtained in accordance with the process described in Claim 1 and has a 
volume specific resistance of 10 14 Q»cm or greater at 30°C. 

8. (Amended) A lubricating oil which comprises at least one high purity compound 
having oxygen selected from a group consisting of high purity polyalkylene glycol 
compounds, high purity polyol ester compounds, high purity cyclic polyether compounds and 
high purity carbonate compounds which are obtained in accordance with the process 
described in Claim 1 and have volume specific resistances of 10 12 □•cm or greater at 30°C. 

9. (Amended) The lubricating oil according to Claim 5 which is used for 
refrigerators. 

11, (Amended) The process according to Claim 1, wherein the crude polyvinyl ether 
compound has a volume specific resistance smaller than 10 14 Q •cm at 30 °C and the high 
purity polyvinyl ether compound obtained after the treatment with a adsorbent has a volume 
specific resistance of 10 14 Ocm or greater at 30°C. 

12. (Amended) The process according to Claim 1, wherein the crude polyvinyl ether 
compound has a weight-average molecular weight in a range of 150 to 3,000. 

Please add new Claims 13-15 as follows: 



13. 
14. 
15. 



(New) 
(New) 
(New) 



The lubricating oil according to Claim 6 which is used for refrigerators. 
The lubricating oil according to Claim 7 which is used for refrigerators. 
The lubricating oil according to Claim 8 which is used for refrigerators. 



REMARKS 

Claims 3-9 and 11-12 have been amended to remove multiple dependencies. Claims 
13-15 are new claims. Support for the new claims is found in the original claims. Claim 8 
has been amended to include a limitation to a high purity cyclic polyether compounds. 
Support for the amendment is found in the specification on page 5, line 25. No new matter is 
believed to have been added by this amendment. An action on the merits and allowance of 
claims is solicited. 



Respectfully submitted, 



OBLON, SPIVAK, McCLELLAND, 
MAfER & NEUSTADT, P.C. 




Norman F. Obion 
Attorney of Record 
Registration No. 24,6 1 8 



Stefan U. Koschmieder, Ph.D. 
Registration No. 50,238 
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Marked-Up Copy 

Serial No: 

Amendment Filed on: 



IN THE CLAIMS 
Please amend the claims as follows. 

—3. (Amended) The process according to [any one of Claims 1 and 2] Claim 1 , 
wherein the adsorbent is an oxide of at least one metal selected from a group consisting of 
aluminum, iron, titanium, silicon and tin, a clay mineral, activated carbon or an ion exchange 
resin. 

4. (Amended) The process according to [any one of Claims 1 and 2] Claim 1 , 
wherein the adsorbent is activated carbon, silica-alumina, activated clay, bentonite, zeolite or 
activated alumina. 

5. (Amended) A lubricating oil which comprises a high purity polyvinyl ether 
compound obtained in accordance with the process described in [any one of Claims 1 to 4] 
Claim 1 . 

6. (Amended) A lubricating oil which comprises at least one high purity compound 
having oxygen selected from a group consisting of high purity polyalkylene glycol 
compounds, high purity polyol ester compounds, high purity cyclic polyether compounds and 
high purity carbonate compounds which are obtained in accordance with the process 
described in [any one of Claims 1, 3 and 4] Claim 1 . 



I. (Amended) A lubricating oil which comprises a high purity polyvinyl ether 
compound which is obtained in accordance with the process described in [any one of Claims 
1 to 4] Claim 1 and has a volume specific resistance of 10 14 £>cm or greater at 30°C. 

8. (Amended) A lubricating oil which comprises at least one high purity compound 
having oxygen selected from a group consisting of high purity polyalkylene glycol 
compounds, high purity polyol ester compounds , high purity cyclic polyether compounds and 
high purity carbonate compounds which are obtained in accordance with the process 
described in [any one of Claims 1, 3 and 4] Claim 1 and have volume specific resistances of 
10 12 Q*cm or greater at 30°C. 

9. (Amended) The lubricating oil according to [any one of Claims 5 to 8] Claim 5 
which is used for refrigerators. 

I I . (Amended) The process according to [any one of Claims 1 to 4 and 10] Claim L 
wherein the crude polyvinyl ether compound has a volume specific resistance smaller than 
10 14 Q •cm at 30 °C and the high purity polyvinyl ether compound obtained after the 
treatment with a adsorbent has a volume specific resistance of 10 14 Q*cm or greater at 30°C. 

12. (Amended) The process according to [any one of Claims 1 to 4, 10 and 1 1] Claim 
1, wherein the crude polyvinyl ether compound has a weight-average molecular weight in a 
range of 150 to 3,000. 

Claims 13-15 (New).- 
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O crude polyol ester compounds, crude cyclic polyether compounds, and crude carbonate compounds. The lubricating oil contains the 
, high-purity oxygenic compound obtained by the process. 
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SPECIFICATION 

PROCESS FOR PRODUCING A HIGH PURITY COMPOUND HAVING 
OXYGEN AND LUBRICATING OIL 

TECHNICAL FIELD 

The present invention relates to a process for producing a high 
purity compound having oxygen such as a high purity polyvinyl ether 
compound and a lubricating oil comprising the high purity compound 
having oxygen obtained in accordance with this process. More 
particularly, the present invention relates to a process for efficiently 
producing a high purity compound having oxygen which has a high 
volume specific resistance and is advantageously used as a component of a 
lubricating oil for refrigerators by an adsorption treatment, and a 
lubricating oil, in particular, a lubricating oil for refrigerators which 
comprises the high purity compound having oxygen obtained in 
accordance with this process and has an improved volume specific 
resistance. 

BACKGROUND ART 

In general, compression -type refrigerators are constituted with a 
compressor, a condenser, an expansion valve and an evaporator and has a 
structure in which a mixed fluid of a refrigerant and a lubricating oil is 
circulated in a closed system. In the compression -type refrigerator, in 
general, temperature is as high as 50°C or higher in the compressor and 
as low as about -40°C in the refrigerating chamber although the 



conditions may be different depending on the type of the apparatus and it 
is required, in general, that the refrigerant and the lubricating oil be 
circulated in the system without causing a phase separation in the 
temperature range of -40 to 50°C. If the phase separation takes place 
during the operation of a refrigerator, the life and the efficiency of the 
apparatus are adversely affected to a great extent. For example, if the 
phase separation of the refrigerant and the lubricating oil takes place in 
the compressor, lubrication of moving parts deteriorates and seizure 
occurs to cause a great decrease in the life of the apparatus. If the phase 
separation takes places in the evaporator, the efficiency of heat exchange 
decreases because of the presence of a lubricating oil of high viscosity. 

Since the lubricating oil for refrigerators is used for the purpose of 
lubricating moving parts in refrigerators, the lubricating property is 
naturally important. In particular, since the temperature in the 
compressor becomes high, the viscosity which can maintain the oil film 
necessary for the lubrication is important. The required viscosity is 
different depending on the type of the compressor used and working 
conditions and, in general, it is preferable that the viscosity (the 
kinematic viscosity) of the lubricating oil before mixing with a refrigerant 
is 5 to 1,000 mm 2 /sec at 40°C. When the viscosity is lower than this 
range, the oil film becomes thin and the lubrication tends to become 
insufficient. When the viscosity is higher than this range, the efficiency 
of heat exchange decreases. 

As the refrigerant for compression-type refrigerators, mainly 
chchlorodffiuoromethane(fron 12) has heretofore been used. As the 
lubricating oil, various types of mineral oils and synthetic oils satisfying 



the required properties described above have been used. However, 
chlorofluorocarbons (CFC) including dichlorodifluoromethane are more 
rigorously restricted world-wide because there is the possibility of causing 
environmental pollution such as the ozonosphere destruction. Due to 
this reason, hydrofluorocarbons (HFC) and hydrochlorofluorocarbons 
(HCFC) which are fluorocarbons having hydrogen has been attracting 
attention as the novel types of refrigerant. The fluorocarbons having 
hydrogen, in particular, hydrofluorocarbons (HFC) such as fronl34a 
(1,1,1,2-tetrafluoroethane) as a typical example are preferable as the 
refrigerant for compression -type refrigerators since these 
hydrofluorocarbons have little possibility of causing the ozonosphere 
destruction and can be used in place of dichlorodifluoromethane with a 
little change in the structure of conventional refrigerators. Refrigerants 
prepared by mixing more than one HFC are also attracting attention from 
the standpoint of the efficiency of refrigeration. Other refrigerants 
having a small coefficient of atmospheric warming such as a carbon 
dioxide, hydrocarbons, ether and ammonia are also attracting attention 
from the standpoint of the global warming of the atmosphere. 

When a fluorocarbon having hydrogen such as fronl34a or a carbon 
dioxide is used as the refrigerant for a compression-type refrigerator in 
place of fron 12, a lubricating oil having excellent compatibility with the 
fluorocarbons having hydrogen such as fronl34a or a carbon dioxide and 
excellent lubricating properties satisfying the above requirements are 
naturally required. However, since conventional lubricating oils used in 
combination with fron 12 do not have sufficient compatibility with 
fluorocarbons having hydrogen such as fron 134a or a carbon dioxide, a 



novel lubricating oil suitable for these compounds is required. In this 
case, no change in the structure of the apparatus is desired when the 
novel lubricating oil is used in place of fronl2. Therefore, it is not 
desirable that the structures of the currently used apparatuses must be 
changed to a great extent by replacing a lubricant. 

As the lubricating oil for compression-type refrigerators using a 
hydrofluorocarbon as the refrigerant, for example, the use of a polyvinyl 
ether compound which is a compound having oxygen has been proposed 
(Japanese Patent Application Laid-Open Nos. Heisei 6(1994)-234815 and 
Heisei 9(l997)-272886). 

In electric refrigerators and air conditioners, a motor and a 
compressor are integrally formed as a single member and an excellent 
electric insulating property is required for a lubricating oil used for them. 
However, it occasionally occurs that a compound having oxygen such as a 
polyvinyl ether compound is contaminated with polar substances or metal 
components during the process of production thereof and the volume 
specific resistance is decreased. As the method for increasing the 
decreased volume specific resistance, a treatment such as washing with 
an alkali or water is known. However, the effect of the washing is not 
always sufficient. Therefore, development of a novel treatment process 
for increasing the volume specific resistance of the compound having 
oxygen such as a polyvinyl ether compound has been desired. 

DISCLOSURE OF THE INVENTION 

Under the above circumstances, the present invention has an object 
of providing a process for efficiently producing a high purity compound 



having oxygen which has a high volume specific resistance and a 
lubricating oil, in particular, a lubricating oil for refrigerators which 
comprises the high purity compound having oxygen obtained in 
accordance with this process and has an improved volume specific 
resistance. 

As the result of extensive studies by the present inventors to 
achieve the above object, it was found that a high purity compound having 
oxygen which has a great volume specific resistance could be obtained by 
treating the compound having oxygen with an adsorbent, and in 
particular that a high purity polyvinyl ether compound having a volume 
specific resistance of 10 14 Q cm or greater at 30°C could be obtained, by 
treating a crude polyvinyl ether compound having a specific constituting 
unit as the main component with an adsorbent, and that a lubricating oil 
comprising this compound and having an improved volume specific 
resistance could be advantageously used especially for refrigerators. The 
present invention has been completed based on this knowledge. 

The present invention provides a process for producing a high 
purity compound having oxygen selected from a group consisting of high 
purity polyvinyl ether compounds, high purity polyalkylene glycol 
compounds, high purity polyol ester compounds, high purity cyclic 
polyether compounds and high purity carbonate compounds, comprising a 
step of treating with an adsorbent at least one crude compound having 
oxygen selected from a group consisting of crude polyvinyl ether 
compounds, crude polyalkylene glycol compounds, crude polyol ester 
compounds, crude cyclic polyether compounds and crude carbonate 
compounds. 



The present invention also provides, as aspects thereof 

(1) A process for producing a high purity compound having oxygen which 
comprises a step of treating with an adsorhent a crude polyvinyl ether 
compound, for example, a crude polyvinyl ether compound comprising a 
compound having a constituting unit represented hy general formula (I)- 

l 

C ) • • • (I) 

I , , 

o(ro)jr 

wherein R 1 represents a divalent hydrocarbon group having 1 to 10 
carbon atoms which may be branched, R 2 represents a monovalent 
hydrocarbon group having 1 to 20 carbon atoms which may be branched, 
m represents numbers giving an average value in a range of 0 to 10, R 1 O f s 
may represent the same group or different groups when more than one 
RiO are present, and R 1 , R 2 and m may be the same with or different 
from each other among constituting units (the high purity compound 
having oxygen which is obtained in accordance with the present aspect of 
the process will be referred to as high purity compound having oxygen I, 
hereinafter.); 

(2) A process for producing a high purity compound having oxygen which 
comprises a step of treating with an adsorbent a crude polyalkylene glycol 
compound, a crude polyol ester compound, a crude cyclic polyether 
compound or a crude carbonate compound (the high purity compound 
having oxygen which is obtained in accordance with the present aspect of 
the process will be referred to as high purity compound having oxygen II, 




hereinafter.); 

(3) A lubricating oil comprising the high purity polyvinyl ether 
compound obtained in accordance with the process described in the above 

(1) (the lubricating oil of the present aspect will be referred to as 
lubricating oil I, hereinafter); and 

(4) A lubricating oil comprising at least one high purity compound 
having oxygen selected from a group consisting of high purity 
polyalkylene glycol compounds, high purity polyol ester compounds, high 
purity cyclic polyether compounds and high purity carbonate compounds 
which are obtained in accordance with the process described in the above 

(2) (the lubricating oil of the present aspect will be referred to as 
lubricating oil II, hereinafter). 

THE MOST PREFERRED EMBODIMENT TO CARRY OUT THE 
INVENTION 

In the process for producing high purity compound having oxygen I 
of the present invention, a crude polyvinyl ether compound is purified by 
the treatment with an adsorbent. It is preferable that the crude 
polyvinyl ether compound comprises a compound having a constituting 
unit represented by the following general formula (I): 

i 

c ) • • • (I) 

o(ro) n r 

In the above general formula (I), R 1 represents a divalent 




hydrocarbon group having 1 to 10 carbon atoms which may be branched. 
Examples of the hydrocarbon group represented by R 1 include linear, 
branched and cyclic hydrocarbon groups. Specific examples of the 
hydrocarbon group represented by R 1 include a methylene group, an 
ethylene group, a trimethylene group, a methylethylene group, a 
tetramethylene group, a 1,1-dimethylethylene group, a 
1,2-dimethylethylene group, a pentylene group, a hexylene group, a 
heptylene group, an octylene group, a nonylene group, a decylene group, a 
cyclopentylene group, a cyclohexylene group and a phenylene group. 
Among these groups, alkylene groups having 2 or 3 carbon atoms are 
preferable. In general formula (I), m represents number of repetition of 
the unit represented by RiO. The average value of the numbers 
represented by m is in the range of 0 to 10 and preferably in the range of 0 
to 5. When more than one R x O are present, RiO's may represent the 
same group or different groups. 

R 2 represents a monovalent hydrocarbon group having 1 to 20 
carbon atoms which may be branched. Examples of the hydrocarbon 
group represented by R 2 include linear, branched and cyclic hydrocarbon 
groups. Specific examples of the hydrocarbon group represented by R 2 
include alkyl groups such as a methyl group, an ethyl group, a n-propyl 
group, an isopropyl group, a n-butyl group, an isobutyl group, a sec-butyl 
group, a tert-butyl group, various types of pentyl group, various types of 
hexyl group, various types of heptyl group, various types of octyl group, 
various types of decyl group and various types of dodecyl group; and 
cycloalkyl groups such as a cyclop entyl group, a cyclohexyl group, various 
types of methylcyclohexyl group, various types of ethylcyclohexyl group 
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and various types of dimethylcyclohexyl group. 

The groups represented by R 1 , R 2 and m may be the same with or 
different from each other among constituting units. In other words, one 
or more types of constituting units represented by general formula (I) 
may be comprised. 

The crude polyvinyl ether compound used in the present invention 
can be produced by homopolymerization or copolymerization of the 
corresponding vinyl ether monomers. In other words, the crude polyvinyl 
ether compound can be produced by polymerization of one or more types of 
vinyl ether monomer represented by general formula (II)' 

1 1 

C = C • • • (II) 

h oarOjr 

wherein R 1 , R 2 and m are as defined above. 

Examples of the vinyl ether monomer represented by general 
formula (II) include vinyl methyl ether, vinyl ethyl ether, vinyl n-propyl 
ether, vinyl isopropyl ether, vinyl n-butyl ether, vinyl isobutyl ether, vinyl 
sec-butyl ether, vinyl tert-butyl ether, vinyl n-pentyl ether, vinyl n-hexyl 
ether, vinyl 2-methoxyethyl ether, vinyl 2-ethoxyethyl ether, vinyl 
2-methoxy-l-methylethyl ether, vinyl 2-methoxy-2-methylethyl ether, 
vinyl 3,6-dioxaheptyl ether, vinyl 3,6,9-trioxadecyl ether, vinyl 
l,4-dimethyl-3,6-dioxaheptyl ether, vinyl l,4,7-trimethyl-3,6,9"trioxadecyl 
ether and vinyl 4-methoxyphenyl ether. These vinyl ether monomers can 
be produced in accordance with conventional processes. 



The above vinyl ether monomers may be polymerized in accordance 
with a conventional process such as the radical polymerization, the 
cationic polymerization or the irradiation polymerization described in the 
first edition of "Gosei Kobunshi (Synthetic Polymers) III" edited by 
Shunsuke Murahasi, Minoru Imoto and Hisaya Tani, published by 
Asakura Shoten, June 15, 1971. A polymer having a desired viscosity 
can be obtained when the vinyl ether monomer is polymerized in 
accordance with the process described in the following. 

For the initiation of the polymerization, a combination of a 
Bronsted acid, a Lewis acid or an organometallic compound and an alcohol, 
water, a phenol, an acetal or an addition product of a vinyl ether and a 
carboxylic acid can be used. Examples of the Bronsted acid include 
hydrofluoric acid, hydrochloric acid, hydrobromic acid, hydroiodic acid, 
nitric acid, sulfuric acid, trichloroacetic acid and trichloroacetic acid. 
Examples of the Lewis acid include boron trifluoride, aluminum 
trichloride, aluminum tribromide, tin tetrachloride, zinc dichloride and 
ironGll) chloride. Among the Lewis acids, boron trifluoride and 
complexes thereof are preferable. Examples of the organometallic 
compound include diethylaluminum chloride, ethylaluminum dichloride 
and diethylzinc. The amount of the Brensted acid, the Lewis acid or the 
organometallic compound is not particularly limited. It is preferable that 
the Bronsted acid, the Lewis acid or the organometallic compound is used 
in an amount of 0.001 to 10% by weight based on the amount of the vinyl 
ether monomer. 

As water, the alcohol, the phenol, the acetal or the addition product 
of a vinyl ether and a carboxylic acid which is used in combination with 
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the Bronsted acid, the Lewis acid or the organometallic compound, any 
compound can be selected. The amount of the above compound is not 
particularly limited. It is preferable that the above compound is used in 
an amount of 0.01 to 50% by weight based on the amount of the vinyl 
ether monomer. 

The end of the polymer at which the polymerization has been 
initiated has the following structure depending on the compound used. 
When water, the alcohol or the phenol is used, hydrogen is attached. 
When the acetal is used, a group formed by removing one alkoxyl group 
from the used acetal is attached. When the addition product of a vinyl 
ether and a carboxylic acid is used, a group formed by removing an 
alkylcarbonyloxyl group derived from the portion of the carboxylic acid 
from the addition product of a vinyl ether and a carboxylic acid is attached. 
The end of the polymer at which the polymerization has been terminated 
has the following structure depending on the compound used. When 
water, the alcohol, the phenol or the acetal is used, the end of the polymer 
has a structure of an acetal, an olefin or an aldehyde. When the addition 
product of a vinyl ether and a carboxylic acid is used, the end of the 
polymer has a structure of a carboxylic acid ester of a hemiacetal. An 
aldehyde is obtained by hydrolysis of the carboxylic acid ester of a 
hemiacetal in the presence of an acid. 

The polymerization of the vinyl ether monomer represented by 
general formula (II) can be initiated, in general, at a temperature in the 
range of -80 to 150°C and can be conducted preferably in the range of 0 to 
100°C although the temperature is different depending on the type of the 
materials and the initiator. The polymerization is completed in about 10 
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seconds to 10 hours after the initiation of the polymerization. 

As for the adjustment of the molecular weight in the polymerization, 
a polymer having a lower molecular weight can be obtained by increasing 
the amount of the alcohol, water, the phenol, the acetal or the addition 
product of a vinyl ether and a carboxylic acid based on the amount of the 
vinyl ether monomer represented by general formula (II). A polymer 
having a lower molecular weight can also be obtained by increasing the 
amount of the Bronsted acid or the Lewis acid. Viscosity of the polymer 
can be adjusted by the adjustment of the molecular weight. 

The polymerization can be conducted in the absence of solvents or 
in the presence of a solvent inert under the polymerization condition. 
The type of the solvent is not particularly limited. Examples of the 
solvent include hydrocarbon solvents such as hexane, benzene, toluene 
and isooctane; and ether solvents such as diethyl ether, 
1, 2 -dimethoxy ethane and tetrahydrofuran. The polymerization can be 
terminated by addition of an alkali. 

Since, in general, unsaturated bonds and acetals and/or aldehydes 
are present in the product obtained by the polymerization, it is preferable 
that these structures are converted into saturated bonds and ethers in 
accordance with a conventional process. For example, a crude polyvinyl 
ether compound can be obtained by reacting the acetal and the like with 
hydrogen at 70 to 200°C in the presence of nickel and an oxide of silicon, 
aluminum, magnesium, titanium or zirconium such as nickel 
diatomaceous earth in accordance with the process described in 
W096/33154 or the like. 

The crude polyvinyl ether compound obtained as described above 
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has a weight- average molecular weight in the range of 150 to 3,000 and 
preferably in the range of 200 to 2,000. 

The crude polyvinyl ether compound means a compound comprising 
the polyvinyl ether compound and impurities such as metal compounds 
and polar substances and has a volume specific resistance smaller than 
10 14 Q cm at 30°C. 

In the present invention, the crude polyvinyl ether compound is 
treated with an adsorbent. As the adsorbent used for this treatment, for 
example, an oxide of at least one metal selected from aluminum, iron, 
titanium, silicon, tin and the like, a clay mineral, activated carbon, an ion 
exchange resin or the like is preferably used. Among these adsorbents, 
activated carbon, silica- alumina, activated clay, bentonite, zeolite and 
activated alumina are more preferable from the standpoint of the effect. 
The adsorbent may be used singly or in combination of two or more. 

In the treatment with the adsorbent, the crude polyvinyl ether 
compound may be brought into contact with the adsorbent in an amount 
in the range of about 0.1 to 25% by weight and preferably in the range of 
0.5 to 10% by weight based on the amount of the crude polyvinyl ether 
compound at a temperature, in general, in the range of 0 to 100°C and 
preferably in the range of 10 to 70°C. For bringing the crude polyvinyl 
ether compound into contact with the adsorbent, the crude polyvinyl 
compound may be passed through a column packed with the adsorbent or 
a batch process may be used. If necessary, the treatment may be 
conducted in the presence of a solvent. As the solvent, a non-polar 
solvent is preferable. Examples of the non-polar solvent include 
hydrocarbons such as hexane, cyclohexane, heptane, octane, isononane, 
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toluene and xylene. The amount of the solvent is not particularly limited. 
It is preferable that the solvent is used in an amount of 1 to 30 parts by 
weight per 1 part by weight of the crude polyvinyl ether compound. 

The time of the adsorption treatment varies depending on the 
temperature of the treatment, the absence or the presence of the solvent, 
the type and the amount of the adsorbent and the like and cannot be 
generally decided. The time of the adsorption treatment is, in general, in 
the range of 10 minutes to 10 hours and preferably in the range of 30 
minutes to 5 hours. If necessary, the adsorption treatment can be 
conducted under an atmosphere of an inert gas such as nitrogen, argon or 
helium. 

A high purity polyvinyl ether compound having a great volume 
specific resistance of 10 14 Q cm or greater at 30°C, namely a high electric 
insulating property can be obtained by the above treatment with the 
adsorbent. 

On the other hand, in the process for producing high purity 
compound having oxygen II of the present invention, a crude polyalkylene 
glycol compound, a crude polyol ester compound, a crude cyclic polyether 
compound or a crude carbonate compound is purified by the treatment 
with the adsorbent. 

The crude polyalkylene glycol compound, the crude polyol ester 
compound, the crude cyclic polyether compound and the crude carbonate 
compound mean compounds comprising a polyalkylene glycol compound, a 
polyol ester compound, a cyclic polyether compound and a carbonate 
compound, respectively, and impurities such as metal compounds and 
polar substances and have volume specific resistances smaller than 10 12 
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n cm at 30°C. 

A high purity polyalkylene glycol compound, a high purity polyol 
ester compound, a high purity cyclic polyether compound and a high 
purity carbonate compound which have volume specific resistances of 10 12 
Hem or greater at 30°C can be obtained by treating the crude 
polyalkylene glycol compound, the crude polyol ester compound, the crude 
cyclic polyether compound and the crude carbonate compound, 
respectively, with the adsorbent. 

In the above process, the type of the adsorbent and the process for 
the treatment with the adsorbent are the same as those described for the 
process for producing high purity compound having oxygen I described 
above. 

Lubricating oil I of the present invention comprises the high purity 
polyvinyl ether compound obtained by the treatment described above as 
the main component. Lubricating oil II of the present invention 
comprises at least one high purity compound having oxygen selected from 
the high purity polyalkylene glycol compounds, the high purity polyol 
ester compounds, the high purity cyclic polyether compounds and the high 
purity carbonate compounds obtained by the treatment described above as 
the main component. Lubricating oil I and lubricating oil II are, in 
particular, advantageous as the lubricating oil used for refrigerators. 

Examples of the polyalkylene glycol compound include compounds 
represented by the following general formula- 



R 3 



0 { R 4 













p 



R 5 
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wherein R 3 represents an alcohol residue having 1 to 6 carbon atoms, R 4 
represents an alkylene group having 2 to 4 carbon atoms, R 5 represents a 
hydrogen atom, an alkyl group having 1 to 10 carbon atoms or an acyl 
group, n represents a number of 1 to 80 and p represents a number of 1 to 
6. 

Examples of the polyol ester compound include esters of dihydric to 
tetrahydric alcohols such as neopentyl glycol, trimethylolpropane, 
trimethylolethane and pentaerythritol with linear and branched 
carboxylic acids having 2 to 18 carbon atoms. 

Examples of the cyclic polyether compound include derivatives 
obtained by addition of alkylene oxides to polyhydric ether alcohols, which 
are represented by the following general formula-* 



'k2 



CH 2 f CH V 

0 0 -( X0 -j— R 8 



0 -f X0-}— R ; 

1 * 'b2 



CH -f CH-) CH 

I * ' m2 1 



0 



P2 



0 



n2 



-CH 2 



CH 
R R 7 



C 

R 6 R 



CH CH 



R 



R' R e 



wherein R 6 represents a hydrogen atom or a linear or branched alkyl 
group having 1 to 21 carbon atoms, R 7 represents a branched alkyl group 
having 3 to 21 carbon atoms when R 6 represents a hydrogen atom and a 
linear or branched alkyl group having 1 to 21 carbon atoms when R^ 
represents a linear or branched alkyl group having 1 to 21 carbon atoms, 
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R 6 and R 7 may form an alkylene group having 2 to 13 carbon atoms in 
combination, R 6 and R 7 may be the same with or different from each other 
among constituting units, R 8 represents a hydrogen atom or a linear or 
branched alkyl group having 1 to 8 carbon atoms, X represents a linear or 
branched alkylene group having 2 to 4 carbon atoms, k2 represents a 
number of 0 to 4, n 2 represents a number of 0 to 3, p 2 represents a 
number of 0 to 2, m 2 represents 0 or 1, k 2 , m 2 , p 2 and n 2 satisfy the 
relation- k 2 +(m 2 +2)p2+n 2 =4, a 2 and b 2 each represent a number of 0 to 20, 
a 2 , b 2 , k 2 , m 2 and p 2 satisfy the relation- 0<a 2 k 2 +b 2 m 2 p 2 ^20, and units of 
a polyoxyalkyleneoxymethylene group in a number of k 2 , units of an 
alkyloxymethylene group in a number of n 2 and units of a cyclic acetal 
group (an acetal group or a ketal group) in a number of p 2 may have a 
random arrangement or a block arrangement; 

And also, examples of the cyclic polyether compound include cyclic acetals 
represented by the following general formula- 



R 10 R' 



/ \ 

-,c-~_ n o c R" 

I \ / 

0^ ^CH ^CH 



H 2 H 2 H 2 H 2 



wherein R 9 represents a hydrogen atom, a methyl group or a linear or 
branched alkyl group having 2 to 21 carbon atoms and R 10 represents a 
linear or branched alkyl group having 3 to 21 carbon atoms when R 9 
represents a hydrogen atom or a methyl group, and R 10 represents a 
linear or branched alkyl group having 2 to 21 carbon atoms when R 9 
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represents a linear or branched alkyl group having 2 to 2 1 carbon atoms; 
and 

cyclic acetals represented by the following general formula-* 



0 ^0 

1 I 

CH 2 CH 



12 



I I 

CH CH 



12 



.11 



0^ 0 



12 



CH- 



"CH 2 



wherein R 11 and R 12 each represent a hydrogen atom or a linear or 
branched alkyl group having 1 to 21 carbon atoms excluding the case in 
which R 11 and R 12 both represent a hydrogen atom. 

Examples of the carbonate compound include compounds 
represented by the following general formula^ 

0 

R 13 —(-or 14 oc o — (-r 15 o )t-R 16 



wherein R 13 and R 16 each represent a monovalent hydrocarbon group 
having 1 to 20 carbon atoms, R 14 and R 15 each represent an alkylene 
group having 1 to 10 carbon atoms and r and s each represent an integer 
of 1 to 100; and 

compounds having a constituting unit represented by the following 
general formula - 
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wherein R 17 and R 18 each represent a hydrogen atom, an alkyl group 
having 1 to 6 carbon atoms, an aryl group having 6 to 10 carbon atoms, an 
arylalkyl group having 7 to 10 carbon atoms or an alkoxyalkyl group 
having 2 to 6 carbon atoms, u represents an integer of 2 to 10 and t 
represents an integer of 1 to 100. 

When high purity compound having oxygen I or high purity 
compound having oxygen II is used for a refrigerator, it is preferable that 
the kinematic viscosity of a lubricating oil before being mixed with a 
refrigerant is in the range of 5 to 1,000 mm 2 /second and more preferably 
in the range of 5 to 200 mm 2 /second at 40°C. When the polymer has a 
kinematic viscosity outside of the above range, the kinematic viscosity can 
be adjusted within the above range by mixing it with another polymer 
having a suitable kinematic viscosity. 

As the refrigerant, hydrofluorocarbons (HFC) which have a small 
possibility of causing ozonosphere destruction are preferably used. 
Refrigerants obtained by mixing more than one HFC to improve the 
efficiency of refrigeration are preferable. From the standpoint of the 
global warming of the atmosphere, a carbon dioxide, hydrocarbons, ether 
and ammonia having a smaller coefficient of atmospheric warming can 
also be used advantageously. 

In lubricating oil I of the present invention, the high purity 
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polyvinyl ether compound described above can be used singly or in 
combination of two or more and can also be used in combination with 
other lubricating oils. 

In lubricating oil II of the present invention, a single compound 
selected from the high purity polyalkylene glycol compounds, the high 
purity polyol ester compounds, the high purity cyclic polyether compounds 
and the high purity carbonate compounds described above may be used or 
a combination of two or more compounds suitably selected from the above 
compounds may be used. The above compounds can also be used in 
combination with other lubricating oils such as mineral oils, 
alkylbenzenes and poly-orolefins. 

To lubricating oil I and lubricating oil II of the present invention, 
various types of other additives used in the conventional lubricating oils 
such as load carrying additives, chlorine capturing agents, antioxidants, 
metal deactivators, defoaming agents, detergent-dispersants, 
viscosity-index improvers, oiliness agents, anti-wear additives, extreme 
pressure agents, antirust agents, corrosion inhibitors, pour point 
depressants may be added, if necessary. 

The present invention will be described more specifically with 
reference to examples in the following. However, the present invention is 
not limited by the examples. 

Preparation Example of Catalyst 1 

Into a 2 liter autoclave made of SUS-316L, 12 g of a nickel 
diatomaceous earth catalyst (manufactured by NIKKI KAGAKU Co., Ltd.; 
the trade name" N113) and 300 g of isooctane were placed. After the 
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autoclave was purged with nitrogen and then with hydrogen, the pressure 
of hydrogen was adjusted to 30 kg/cm 2 G and the temperature of the 
mixture was elevated. The mixture was kept at 140°C for 30 minutes 
and then cooled to the room temperature. After the autoclave was 
purged with nitrogen, 20 g of acetaldehyde diethylacetal was added into 
the autoclave. After the autoclave was purged with nitrogen and then 
with hydrogen, the pressure of hydrogen was adjusted to 30 kg/cm 2 G and 
the temperature of the mixture was elevated. The mixture was kept at 
130°C for 30 minutes and then cooled to the room temperature. The 
pressure in the autoclave increased by the elevation of the temperature 
and a decrease in the pressure of hydrogen was also observed due to the 
reaction of acetaldehyde diethylacetal. When the pressure of hydrogen 
decreased to a pressure lower than 30 kg/cm 2 G, hydrogen was added and 
the pressure was kept at 30 kg/cm 2 G. After the mixture was cooled to 
the room temperature, the autoclave was depressurized and was purged 
with nitrogen. 

Example 1 

(l) Preparation of a crude polyvinyl ether compound 

Into a 1 liter glass separable flask, 148.2 g of toluene, 27.38 g (5.94 
X 10" 1 moles) of ethanol, 4.90 g (6.6 X 10~ 2 moles) of isobutanol and 0.260 
g of boron trifluoride diethyl etherate were placed. To the obtained 
mixture, a mixture of 465.83 g (6.460 moles) of ethyl vinyl ether and 71.89 
g (7.18 X 10 _ 1 moles) of isobutyl vinyl ether was added over 5 hours. 
Since the reaction was exothermic, the flask was cooled in an ice water 
bath and the temperature of the reaction liquid was kept at 25°C. 



21 



Then, the reaction liquid was transferred to a 2 liter washing tank 
and washed twice with 200 ml of a 3% by weight aqueous solution of 
sodium hydroxide and three times with 200 ml of distilled water. The 
solvent and light fractions were removed from the washed reaction liquid 
under a reduced pressure using a rotary evaporator and 550.0 g of a crude 
product was obtained. 

An autoclave containing a catalyst prepared in accordance with the 
same procedures as those described in Preparation Example of Catalyst 1 
was opened and a liquid layer in the autoclave was removed by 
decantation. Into the autoclave, 400 g of the crude product obtained 
above was placed. After the autoclave was purged with nitrogen and 
then with hydrogen, the pressure of hydrogen was adjusted to 30 kg/cm 2 G 
and the temperature of the mixture was elevated. The mixture was kept 
at 140°C for 2 hours and then cooled to the room temperature. The 
pressure in the autoclave increased by the elevation of the temperature 
and a decrease in the pressure of hydrogen was also observed due to the 
progress of the reaction. When the pressure of hydrogen decreased, 
hydrogen was suitably added and the pressure in the autoclave was kept 
at 30 kg/cm 2 G. 

After the autoclave was purged with nitrogen, it was depressurized 
and the reaction liquid was recovered. To the recovered mixture, 100 g of 
isooctane was added and the catalyst was removed from the resultant 
mixture by filtration. The solvent and light fractions were removed from 
the obtained filtrate by treating under a reduced pressure using a rotary 
evaporator. The yield of a crude polyvinyl ether compound was 362 g. 

The crude polyvinyl ether compound thus obtained had constituting 



22 



units expressed by the following formulae (I-a) and (I-b) in amounts such 
that the ratio by mole (I-a)/(l-b) was 9/1, a kinematic viscosity of 68.86 
mm 2 /second at 40°C, a kinematic viscosity of 8.26 mm 2 /second at 100°C 
and a volume specific resistance of 3.26 X 10 13 CI cm at 30°C. 



H 0CH 2 CH(CH 3 ) 2 

The results of the NMR analysis and the IR analysis showed that 
one polymer end had structure (A) or structure (D) and the other polymer 
end had either one of structure (B) and structure (E) as the major 
structures or structure (C) as a minor structure in an amount of 5% by 
weight or less. 




• • ■ (I-a) 
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• • • (I-b) 
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(2) Purification of the crude polyvinyl ether compound 

The crude polyvinyl ether compound obtained in (l) described above 
in an amount of 150 g was dissolved into 300 g of isononane and the 
resultant solution was heated to 50°C. To the solution, 4.5 g of 
silica-alumina HA (manufactured by SHOKUBAI KASEI KOGYO Co., 
Ltd.) was added while the solution was stirred and the obtained mixture 
was heated at 50°C under stirring for 1 hour under an atmosphere of 
nitrogen. 

The silica-alumina was removed by filtration using a membrane 
filter and the solvent was removed from the resultant mother liquor using 
a rotary evaporator. 

The purified polyvinyl ether compound obtained as described above 
had a volume specific resistance of 1.87 X 10 15 Q, cm at 30°C. 

The volume specific resistance was measured in accordance with 
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the following method. 

<Measurement of the volume specific resistance> 

After a sample was dried at 100°C for 1 hour under a reduced 
pressure (0.3 to 0.8 mmHg), the sample was placed into a liquid cell for 
the measurement of the volume specific resistance placed in a 
thermostatted tank kept at 30°C and sealed. After the sample was kept 
in the thermostatted tank kept at 30°C for 40 minutes, the volume specific 
resistance was measured by a high ultra insulation meter R8340 
manufactured by ADVANTEST Co., Ltd. at an applied voltage of 250 V. 

Example 2 

A crude polyvinyl ether compound having constituting units 
expressed by formulae (Pa) and (I-b) in amounts such that the ratio by 
mole (I-a)/(I-b) was 9/1 and a volume specific resistance of 1.30 X 10 13 
D cm at 30°C which was prepared in accordance with the same procedures 
as those conducted in Example 1 (l) in an amount of 150 g was dissolved 
into 300 g of isononane. To the resultant solution, 4.5 g of silica- alumina 
HA (manufactured by SHOKUBAI KASEI KOGYO Co., Ltd.) was added 
while the solution was stirred and the obtained mixture was stirred at 
15°C for 1 hour under an atmosphere of nitrogen. 

The sihca-alumina was removed by filtration using a membrane 
filter and the solvent was removed from the resultant mother liquor using 
a rotary evaporator. 

The purified polyvinyl ether compound obtained as described above 
had a volume specific resistance of 8.33X 10 14 Q cm at 30°C. 
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Example 3 

The same procedures as those conducted in Example 1 were 
conducted except that hexane was used in place of isononane. The 
results are shown in Table 1. 

Example 4 

The same procedures as those conducted in Example 1 were 
conducted except that toluene was used in place of isononane. The 
results are shown in Table 1. 

Example 5 

A crude polyvinyl ether compound having constituting units 
expressed by formulae 0>a) and (Pb) in amounts such that the ratio by 
mole (l-a)/(I-b) was 9/1 and a volume specific resistance of 1.10 x 10 12 
Q cm at 30°C which was prepared in accordance with the same procedures 
as those conducted in Example 1 (l) in an amount of 150 g was dissolved 
into 150 g of toluene. To the resultant solution, 1.5 g of silica-alumina 
HA (manufactured by SHOKUBAI KASEI KOGYO Co., Ltd.) was added 
while the solution was stirred and the obtained mixture was stirred at 
15°C for 1 hour under an atmosphere of nitrogen. 

The silica- alumina was removed by filtration using a membrane 
filter and the solvent was removed from the resultant mother liquor using 
a rotary evaporator. 

The purified polyvinyl ether compound obtained as described above 
had a volume specific resistance of 1.57 X 10 14 Q cm at 30°C. 
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Example 6 

A crude polyvinyl ether compound having constituting units 
expressed by formulae (1-a) and G>b) in amounts such that the ratio by 
mole d-a)/(I-b) was 9/1 and a volume specific resistance of 1.65X10 12 
CI cm at 30°C which was prepared in accordance with the same procedures 
as those conducted in Example 1 (l) in an amount of 150 g was heated to 
50°C in the absence of solvents. To the heated compound, 4.5 g of 
silica-alumina HA (manufactured by SHOKUBAI KASEI KOGYO Co., 
Ltd.) was added while the compound was stirred and the obtained mixture 
was heated at 50°C under stirring for 1 hour under an atmosphere of 
nitrogen. 

The silica- alumina was removed by filtration using a membrane 

filter. 

The purified polyvinyl ether compound obtained as described above 
had a volume specific resistance of 3.33 X 10 14 Q cm at 30°C. 

Example 7 to 12 

The same procedures as those conducted in Example 1 were 
conducted except that adsorbents shown in Table 1-1 were used in place of 
silica-alumina HA. The results are shown in Table 1-2. 

Example 13 

(l) Preparation of a crude polyvinyl ether compound 

Into a 1 liter glass separable flask, 125 g of isooctane, 59.42 g (8.02 
X 10" 1 moles) of isobutanol and 0.316 g of boron trifluoride diethyl 
etherate were placed. To the obtained mixture, a mixture of 438.58 g 
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(6.082 moles) of ethyl vinyl ether and 71.99 g (7.19 X 10" 1 moles) of 
isobutyl vinyl ether was added over 5 hours. Since the reaction was 
exothermic, the flask was cooled in an ice water bath and the temperature 
of the reaction liquid was kept at 45°C. 

Then, the reaction liquid was transferred to a 2 liter washing tank 
and washed twice with 200 ml of a 3% by weight aqueous solution of 
sodium hydroxide and three times with 200 ml of distilled water. The 
solvent and light fractions were removed from the washed reaction liquid 
under a reduced pressure using a rotary evaporator and 534. 1 g of a crude 
product was obtained. 

An autoclave containing a catalyst prepared in accordance with the 
same procedures as those described in Preparation Example of Catalyst 1 
was opened and a liquid layer in the autoclave was removed by 
decantation. Into the autoclave, 400 g of the crude product obtained 
above was placed. After the autoclave was purged with nitrogen and 
then with hydrogen, the pressure of hydrogen was adjusted at 30 kg/cm 2 G 
and the temperature of the mixture was elevated. The mixture was kept 
at 140°C for 2 hours and then cooled to the room temperature. The 
pressure in the autoclave increased by the elevation of the temperature 
and a decrease in the pressure of hydrogen was also observed due to the 
progress of the reaction. When the pressure of hydrogen decreased, 
hydrogen was suitably added and the pressure in the autoclave was kept 
at 30 kg/cm 2 G. 

After the autoclave was purged with nitrogen, it was depressurized 
and the reaction liquid was recovered. To the recovered reaction liquid, 
100 g of isooctane was added and the catalyst was removed from the 
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resultant mixture by filtration. The solvent and light fractions were 
removed from the obtained filtrate by treating under a reduced pressure 
using a rotary evaporator. The yield of a crude polyvinyl ether compound 
was 359 g. 

The crude polyvinyl ether compound thus obtained had constituting 
units expressed by formulae (I-a) and (1-b) in amounts such that the ratio 
by mole (I-a)/(l-b) was 8/2, a kinematic viscosity of 32.54 mm 2 /second at 
40°C, a kinematic viscosity of 5.14 mm 2 /second at 100°C and a volume 
specific resistance of 1.32 X 10 13 Q cm at 30°C. 

The results of the NMR analysis and the IR analysis showed that 
one polymer end had structure (A) or structure (D) and the other polymer 
end had either one of structure (B) and structure (E) as the major 
structures or structure (C) as a minor structure in an amount of 5% by 
weight or less. 
(2) Purification of the crude polyvinyl ether compound 

The crude polyvinyl ether compound obtained in (l) described above 
was purified in accordance with the same procedures as those conducted 
in Example 1 (2). 

The purified polyvinyl ether compound obtained as described above 
had a volume specific resistance of 1.28 X 10 14 fl cm at 30°C. 

Example 14 

(l) Preparation of a crude polyvinyl ether compound 

Into a 1 liter glass separable flask, 125 g of toluene, 60.65 g (8.18 X 
10" 1 moles) of isobutanol and 0.322 g of boron trifluoride diethyl etherate 
were placed. To the obtained mixture, a mixture of 370.66 g (5.140 
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moles) of ethyl vinyl ether and 138.70 g (1.385 moles) of isobutyl vinyl 
ether was added over 5 hours. Since the reaction was exothermic, the 
flask was cooled in an ice water bath and the temperature of the reaction 
liquid was kept at 45°C. 

Then, the reaction liquid was transferred to a 2 liter washing tank 
and washed twice with 200 ml of a 3% by weight aqueous solution of 
sodium hydroxide and three times with 200 ml of distilled water. The 
solvent and light fractions were removed from the washed reaction liquid 
under a reduced pressure using a rotary evaporator and 528.4 g of a crude 
product was obtained. 

An autoclave containing a catalyst prepared in accordance with the 
same procedures as those described in Preparation Example of Catalyst 1 
was opened and a liquid layer in the autoclave was removed by 
decantation. Into the autoclave, 400 g of the crude product obtained 
above was placed. After the autoclave was purged with nitrogen and 
then with hydrogen, the pressure of hydrogen was adjusted at 30 kg/cm 2 G 
and the temperature of the mixture was elevated. The mixture was kept 
at 140°C for 2 hours and then cooled to the room temperature. The 
pressure in the autoclave increased by the elevation of the temperature 
and a decrease in the pressure of hydrogen was also observed due to the 
progress of the reaction. When the pressure of hydrogen decreased, 
hydrogen was suitably added and the pressure in the autoclave was kept 
at 30 kg/cm 2 G. 

After the autoclave was purged with nitrogen, it was depressurized 
and the reaction liquid was recovered and 100 g of isooctane was added to 
the recovered reaction liquid. The catalyst was removed from the 
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reaction liquid by filtration. The obtained filtrate was treated under a 
reduced pressure using a rotary evaporator and the solvent and light 
fractions were removed. The yield of a crude polyvinyl ether compound 
was 358 g. 

The crude polyvinyl ether compound thus obtained had constituting 
units expressed by formulae (Pa) and (1-b) in amounts such that the ratio 
by mole (l-a)/Q>b) was 7/3, a kinematic viscosity of 29.65 mm 2 /second at 
40°C, a kinematic viscosity of 4.77 mm 2 /second at 100°C and a volume 
specific resistance of 5.60 X 10 14 a cm at 30°C. 

The results of the NMR analysis and the IR analysis showed that 
one polymer end had structure (A) or structure (D) and the other polymer 
end had either one of structure (B) and structure (E) as the major 
structures or structure (C) as a minor structure in an amount of 5% by 
weight or less. 
(2) Purification of the crude polyvinyl ether compound 

The crude polyvinyl ether compound obtained in (l) described above 
was purified in accordance with the same procedures as those conducted 
in Example 1 (2). 

The purified polyvinyl ether compound obtained as described above 
had a volume specific resistance of 2.46 X 10 15 Q cm at 30°C. 

Example 15 

(l) Preparation of a crude polyvinyl ether compound 

Into a 1,000 ml glass flask equipped with a dropping funnel, a 
condenser and a stirrer, 200 g of toluene, 42.6 g of acetaldehyde 
dimethoxyethyl acetal and 0.90 g of boron trifluoride diethyl etherate 
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were placed. Into the dropping funnel, 224 g of methoxyethyl vinyl ether 
was placed and it was added dropwise into the flask over 50 minutes. 
Since the reaction was exothermic, the flask was cooled in an ice water 
bath and the temperature of the reaction liquid was kept at about 25°C. 
After the addition was completed, the resultant mixture was stirred for 5 
minutes. The reaction mixture was transferred to a washing tank and 
400 ml of chloroform was added. The resultant mixture was washed 
three times with 200 ml of a 5% by weight aqueous solution of sodium 
hydroxide and three times with 300 ml of water. The solvent and 
unreacted materials were removed from the washed mixture under a 
reduced pressure using a rotary evaporator and 258 g of a crude product 
was obtained. The obtained crude product had a kinematic viscosity of 
33.3 mm 2 /second at 40°C. 

Into a 2 liter autoclave made of SUS-316L, 220 g of the crude 
product, 600 g of hexane, 11.0 g of Raney nickel and 11.0 g of zeolite were 
placed. Hydrogen was introduced into the autoclave and the pressure of 
hydrogen was adjusted to 20 kg/cm 2 . After the content in the autoclave 
was stirred for about 30 seconds, the autoclave was depressurized. 
Hydrogen was introduced into the autoclave again and the pressure of 
hydrogen was adjusted to 20 kg/cm 2 . After the content in the autoclave 
was stirred for about 30 seconds, the autoclave was depressurized. After 
this procedure was repeated once again, the temperature was raised to 
130°C over 30 minutes while the pressure of hydrogen was kept at 50 
kg/cm 2 and the reaction was allowed to proceed at 130°C for 2 hours. 
During and after the elevation of the temperature, the reaction proceeded 
and a decrease in the pressure of hydrogen was observed. The reaction 
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was allowed to proceed while the pressure of hydrogen was kept at 60 
kg/cm 2 by suitably compensating the increase in the pressure due to the 
elevation of the temperature and the decrease in the pressure due to the 
reaction. After the reaction was completed, the mixture was cooled to the 
room temperature and the pressure was lowered to the ordinary pressure. 
The catalyst was precipitated by leaving the reaction mixture standing for 
1 hour and the reaction liquid was separated by decantation. The 
catalyst was washed twice with 60 ml of hexane and the liquid obtained 
by washing was combined with the reaction liquid. The combined liquid 
was filtered with a filter paper. Hexane was removed from the liquid 
using a rotary evaporator under a reduced pressure. After 400 ml of 
chloroform was added to the obtained product, the resultant mixture was 
transferred to a washing tank and washed three times with 200 ml of a 
5% by weight aqueous solution of sodium hydroxide and five times with 
300 ml of distilled water. The solvent, water and the like were removed 
from the washed liquid under a reduced pressure using a rotary 
evaporator. The yield of a crude polyvinyl ether compound was 188 g. 

The obtained crude polyvinyl ether compound had a constituting 
unit expressed by the following formula G>c): 



H 0CH 2 CH 2 0CH 3 
a kinematic viscosity of 30.4 mm 2 /second at 40°C, a kinematic viscosity of 
6.29 mm 2 /second at 100°C and a volume specific resistance of 2.50 X 10 12 
Q cm at 30°C. 




- - • (I-c) 
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(2) Purification of the crude polyvinyl ether compound 

The crude polyvinyl ether compound obtained in (l) described above 
was purified in accordance with the same procedures as those conducted 
in Example 1 (2). 

The purified polyvinyl ether compound obtained as described above 
had a volume specific resistance of 1.50 X 10 14 Q cm at 30°C. 

The results of Examples 1 to 15 are shown together in Table 1. 
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Table 1 - 1 



Polyvinyl ether compound Adsorbent 





constituting 
units 


ratio of 
amounts 
by mole 




Example 1 


U a;/u d; 


Q/1 


teXXlUd cU.UIIlJ.llcl 11x3. 


Example 2 


U-a)/U"W 


y/i 


silica aiumma xi/\ 


Example 3 


St \//t t_\ 

(I-a)/(I - b) 


9/1 


silica - alumina HA 


Example 4 


(I-a)/(I-b) 


9/1 


silica - alumina HA 


Example 5 


(I-a)/(I-b) 


9/1 


silica - alumina HA 


Example 6 


(I-a)/(I-b) 


9/1 


silica - alumina HA 


Example 7 


(I-a)/U-b; 


9/1 


silica - alumina LA 


Example 8 


(I-a)/(I-b) 


9/1 


activated clay 


Example 9 


(I-a)/(I-b) 


9/1 


Ca - type bentonite 


Example 10 


a-a)/(I-b) 


9/1 


activated carbon A 


Example 11 


(I-a)/(I-b) 


9/1 


activated carbon B 


Example 12 


a-a)/(I-b) 


9/1 


activated carbon C 


Example 13 


(I-a)/(I-b) 


8/2 


silica - alumina HA 


Example 14 


(I-a)/(l-b) 


7/3 


silica - alumina HA 


Example 15 


(I-c) 




silica - alumina HA 



Notes: 

Silica-alumina HA, LA: manufactured by SHOKUBAI KASEI KOGYO 

Co., Ltd. 

Activated clay: manufactured by MIZUSAWA KAGAKU 

KOGYO Co., Ltd.; "GAREON EARTH NS" 
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Ca-type bentonite: manufactured by KUNIMINE KOGYO Co., Ltd.; 

"KB" 



Activated carbon A 
Activated carbon B 
Activated carbon C 



manufactured by NIPPON NORIT; "CAl" 
manufactured by NIPPON NORIT; "SA Plus" 
manufactured by NIPPON NORIT; "S-51" 
The amount of the adsorbent: 1% by weight in Example 5 and 3% by 

weight in other Examples, based on the amount 
of the polyvinyl ether compound 
The amount of the solvent: 1 part by weight in Example 5 and 

2 parts by weight in other Examples per 1 part 
by weight of the polyvinyl ether compound 



36 



Table 1 - 2 



Conditions Volume specific resistance 

of adsorption at 30°C (Q cm) 





solvent temperature 

CO 


Deiore 
adsorption 


OTTflT' 

dJLLfcJI 

adsorption 


Example 1 


isononane 


50 


3.26X 10 13 


1.87X 10 10 


Example 2 


isononane 


15 


1.30 X 10 13 


8.33X 10 14 


Example 3 


hexane 


50 


3.26 X 10 13 


5.83 X 10 14 


Example 4 


toluene 


50 


3.26 X10 13 


4.48 X 10 14 


Example 5 


toluene 


15 


1.10X10 12 


1.57 X 10 14 


Example 6 


none 


50 


1.65 X10 12 


3.33 X 10 14 


Example 7 


isononane 


50 


3.26X10 13 


3.15 X 10 14 


Example 8 


isononane 


50 


3.26X10 13 


2.46 X 10 14 


Example 9 


isononane 


50 


3.26 X10 13 


3.56 X10 14 


Example 10 


isononane 


50 


3.26 X10 13 


2.40 X10 14 


Example 11 


isononane 


50 


3.26X10 13 


5.22 X 10 14 


Example 12 


isononane 


50 


3.26 X10 13 


5.60 X10 14 


Example 13 


isononane 


50 


1.32 X10 13 


1.28 X10 14 


Example 14 


isononane 


50 


5.60X10 14 


2.46X10 15 


Example 15 


isononane 


50 


2.50 X10 12 


1.50 X10 14 



Comparative Example 1 

A crude polyvinyl ether compound having constituting units 
expressed by formulae (1-a) and G>b) in amounts such that the ratio by 
mole (I-a)/(l-b) was 9/1 and a volume specific resistance of 1.65 X 10 12 
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£Xcm at 30°C which was prepared in accordance with the same procedures 
as those conducted in Example 1 (l) in an amount of 150 g was dissolved 
into 300 g of hexane. To the resultant solution, 150 g of a 3% by weight 
aqueous solution of sodium hydroxide was added. After the obtained 
mixture was vigorously stirred, the hexane layer was separated in a 
separation funnel. The separated hexane layer was washed three times 
with 100 g of pure water and then the solvent was removed using a rotary 
evaporator. 

The polyvinyl ether compound treated as described above had a 
volume specific resistance of 1.80 X 10 12 Q cm at 30°C. 

Example 16 (Purification of polypropylene glycol) 

A commercial crude polypropylene glycol (the weight- average 
molecular weight: 950; the kinematic viscosity at 40°C: 38.45 mm 2 /second; 
the kinematic viscosity at 100°C: 9.15 mm 2 /second) had a volume specific 
resistance of 4.05 X 10 10 Q cm at 30°C. 

The above crude polypropylene glycol in an amount of 150 g was 
dissolved into 300 g of isononane. Into the resultant solution, 4.5 g of 
silica-alumina HA (manufactured by SHOKUBAI KASEI KOGYO Co., 
Ltd.) was added while the solution was stirred and the obtained mixture 
was stirred at the room temperature for 1 hour under an atmosphere of 
nitrogen. 

The silica-alumina was removed by filtration using a membrane 
filter and the solvent was removed using a rotary evaporator. The 
purified polypropylene glycol obtained as described above had a volume 
specific resistance of 2.15X 10 12 Q cm at 30°C. 
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INDUSTRIAL APPLICABILITY 

In accordance with the present invention, the high purity compound 
having oxygen such as the high purity polyvinyl ether compound which 
can be advantageously used as a component for lubricating oils, in 
particular, lubricating oils for refrigerators can be efficiently produced by 
the adsorption treatment. 

The lubricating oil comprising the high purity compound having 
oxygen as the main component which is obtained in accordance with the 
above process can be advantageously used especially as a lubricating oil 
for compression-type refrigerators using a hydrofluorocarbon as the 
refrigerant. 
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CLAIMS 



1. A process for producing a high purity compound having oxygen 
selected from a group consisting of high purity polyvinyl ether compounds, 
high purity polyalkylene glycol compounds, high purity polyol ester 
compounds, high purity cyclic polyether compounds and high purity 
carbonate compounds, comprising a step of treating with an adsorbent at 
least one crude compound having oxygen selected from a group consisting 
of crude polyvinyl ether compounds, crude polyalkylene glycol compounds, 
crude polyol ester compounds, crude cyclic polyether compounds and crude 
carbonate compounds. 

2. The process according to Claim 1, wherein the polyvinyl ether 
compound is a compound having a constituting unit represented by 
general formula (I)* 



wherein R 1 represents a divalent hydrocarbon group having 1 to 10 
carbon atoms which may be branched, R 2 represents a monovalent 
hydrocarbon group having 1 to 20 carbon atoms which may be branched, 
m represents numbers giving an average value in a range of 0 to 10, RiO's 
may represent the same group or different groups when more than one 
R x O are present, and R 1 , R 2 and m may be the same with or different 




• ■ • (I) 



OO^O^R 2 
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from each other among constituting units. 



3. The process according to any one of Claims 1 and 2, wherein the 
adsorbent is an oxide of at least one metal selected from a group 
consisting of aluminum, iron, titanium, silicon and tin 7 a clay mineral, 
activated carbon or an ion exchange resin. 

4. The process according to any one of Claims 1 and 2, wherein the 
adsorbent is activated carbon, silica- alumina, activated clay, bentonite, 
zeolite or activated alumina. 

5. A lubricating oil which comprises a high purity polyvinyl ether 
compound obtained in accordance with the process described in any one of 
Claims 1 to 4. 

6. A lubricating oil which comprises at least one high purity compound 
having oxygen selected from a group consisting of high purity 
polyalkylene glycol compounds, high purity polyol ester compounds, high 
purity cyclic polyether compounds and high purity carbonate compounds 
which are obtained in accordance with the process described in any one of 
Claims 1, 3 and 4. 

7. A lubricating oil which comprises a high purity polyvinyl ether 
compound which is obtained in accordance with the process described in 
any one of Claims 1 to 4 and has a volume specific resistance of 10 14 fl cm 
or greater at 30°C. 
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8. A lubricating oil which comprises at least one high purity compound 
having oxygen selected from a group consisting of high purity 
polyalkylene glycol compounds, high purity polyol ester compounds and 
high purity carbonate compounds which are obtained in accordance with 
the process described in any one of Claims 1, 3 and 4 and have volume 
specific resistances of 10 12 Q cm or greater at 30°C. 

9. The lubricating oil according to any one of Claims 5 to 8 which is used 
for refrigerators. 

10. The process according to Claim 1, wherein the step of treating at 
least one crude compound having oxygen with an adsorbent is a step of 
bringing at least one crude compound having oxygen into contact with the 
adsorbent. 

11. The process according to any one of Claims 1 to 4 and 10, wherein 
the crude polyvinyl ether compound has a volume specific resistance 
smaller than 10 14 Qcm at 30°C and the high purity polyvinyl ether 
compound obtained after the treatment with a adsorbent has a volume 
specific resistance of 10 14 Q cm or greater at 30°C. 

12. The process according to any one of Claims 1 to 4, 10 and 11, wherein 
the crude polyvinyl ether compound has a weight-average molecular 
weight in a range of 150 to 3,000. 
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ABSTRACT 



A process for efficiently producing a high purity compound having 
oxygen which has a high volume specific resistance and a lubricating oil 
comprising the high purity compound having oxygen are provided. 

The process for producing a high purity compound having oxygen 
selected from a group consisting of high purity polyvinyl ether compounds, 
high purity polyalkylene glycol compounds, high purity polyol ester 
compounds, high purity cyclic poly ether compounds and high purity 
carbonate compounds comprises a step of treating with an adsorbent at 
least one crude compound having oxygen selected from a group consisting 
of crude polyvinyl ether compounds, crude polyalkylene glycol compounds, 
crude polyol ester compounds, crude cyclic polyether compounds and crude 
carbonate compounds. The lubricating oil comprises the high purity 
compound having oxygen obtained in accordance with this process. 
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As a below named inventor, t hereby declare that: 

My residence, post office address and citizenship are as 
next to my name. 



I believe I am the original, first and sole inventor (if only one 
name is listed below) or an original, first and joint inventor {if 
plural names are listed below) of the subject matter which is 
claimed and for which a patent is sought on the invention 
entitled. 

PROCESS FOR PRODUCING A HIGH PURITY 

COMPOUND HAVING OXYGEN AND LUBRICATING OIL 

the specification of which 
□ is attached hereto. 

m was filed on September 8, 2000 



as United States Application Number or 
PCT International Application Number 
PCT/JP00/06153 and was amended on 
(if applicable). 



l hereby state that I have reviewed and understand the 
contents of the above identified specification, including the 
claims, as amended by any amendment referred to above. 

! acknowledge the duty to disclose information which is material 
to patentability as defined in Title 37, Code of Federal 
Regulations, Section 1.56. 
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Japanese Language Declaration 

(BffllW) 



Prior Foreign Application^) 

257205/1999 
(Number) 
(•*> 

(Number) 



Japan 



(Country) 

(B«> 



(Country) 

(B«) 
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(Application No.) 



(Filing Date) 
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I hereby claim foreign priority under Title 35, United States Code, 
Section 1 1 9 {a)~(d) or 365(b) of any foreign appiication(s) for patent 
or inventor's certificate, or Section 365(a) of any PCT International 
application which designated at least one country other than the 
United States, listed below and have also identified below, by 
checking the box, any foreign application for patent or inventor's 
certificate, or PCT International application having a filing date 
before that of the application on which priority is claimed. 

Priority Claimed 



10/09/1999 



(Day/MontrVYear Filed) 
(HiBWMIH) 

CDay/MontrVYear Red) 
(tlUMUIB) 



m □ 

Yes No 

□ □ 

Yes No 



I hereby clam the benefit under Title 35, United States Code, 
Section 119(e) of any United States provisional application® listed 
below. 



(Application No.) 



(Filing Date) 
(tfSIBB) 



I hereby claim the benefit under Title 35, United States Code, Section 
1 20 of any United States appiication(s), or Section 365(c) of any PCT 
international application designating the United States, listed below 
and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States or PCT 
International appticatfon in the marmer provfc^ 
of Title 35, United States Code Section 112, 1 acknowledge the duty 
to dasriose information which is material to patentability as defined in 
Title 37, Code of Federal Regulations, Section 156 which became 
available between the filing date of the prior application and the 
national or PCT International filing date of application. 



(Application No.) 



(Filing Date) 
(tiiSSH) 



(Application No.) 
(ft***) 



(Fifing Date) 
(fflBB) 



fflBUfcv X«tKlcW^Sftfc»tf«>*«itt* s *fc*t* z b £ 

Page 



(Status: Patented, Pending, Abandoned) 

(MM : »iwraw* wmm) 



(Status: Patented, Pending, Abandoned) 

ant : w*w*f«n tmm) 

\ hereby declare that all statements made herein of my own 
knowledge are true aid that all statements made on information 
and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under 
Section 1001 of Trtie 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the application 
or any patent issued thereon. 
2of JL 



Japanese Language Declaration 

(Q$§ifl) 



POWER OF ATTORNEY: As a named inventor, I hereby appoint 
the following attorney(s) and/or agent(s) to prosecute this 
application and transact all business in the Patent and Trademark 
Office connected therewith: (list name and registration number) 



Norman F. Obion. Reg. No. 24,618; Marvin J. Spivak, Reg. No. 24,913; C. lrvin McClelland, Reg. No. 21,124; Gregory J^ Maier, Reg No. 
25 599- Arthur I. Neustadt, Reg. No. 24,854; Richard D. Kelly, Reg. No. 27,757; James D. Hamilton, Reg. No. 28,421; Eckhard H. Kuesters 
Reg No 28.870; Robert T. Pous, Reg. No. 29,099; Charles L. Gholz, Reg. No. 26,395; William E. Beaumont. Reg. No. 30 996, Jean-Paul 
Lavalleve Reg No. 31,451; Stephen G. Baxter, Reg. No. 32,884; Richard L. Treanor, Reg. No. 36,379; Steven P. Weihrouch Reg. No. 
32 829 John T. Goolkasian, Reg. No. 26.142; Richard L. Chinn, Reg. No. 34,305; Steven E. Lipman, Reg. No. 30,01 1 ; CarlE.Schl.er, Reg. 
No 34426- James J. Kulbaski, Reg. No. 34,648; Richard A. Neifeld, Reg. No. 35,299; J. Derek Mason, Reg. No. 35,270; Sur.nder Sachar, 
Reg No 34 423; Jeffrey B. Mclntyre, Reg. No. 36,867; Wiiliam T. Enos, Reg. No. 33,128; Michael E. McCabe, Jr., Reg. No. 37,182; Bradley 
D. Lytle, Reg. No. 40,073; and Michael R. Casey, Reg. No. 40,294, with full powers of substitution and revocation. 
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